Abstract. Use of low fidelity tools in designing subscale generic wind tunnel models is usually required to get first-hand knowledge about general trends of aerodynamic and stability parameters. Most of such tools are limited to well-defined conventional aircraft configurations. In the present work, aerodynamic and stability characteristics of a winged hybrid airship is explored at low subsonic speed by using Aircraft Digital DATCOM, which is based on semi-empirical methods for preliminary aircraft geometries. Spheroidal ellipsoidal shaped hull of the airship is modeled in DATCOM along with the geometrical details of wing and empennages. The prediction of zero lift drag coefficient, coefficient of lift and pitching moment is the focus of this paper. Except the drag coefficients, trends of analytical results compare well with experimental data.
Introduction
In aviation industry, airships were the first aerial means of transport, which generate aerostatic lift without utilizing the aerodynamic lift from the wings [1] . After the break out of Second World War, massive investment was done on fixed wing aircraft. In the 21 st century, the unique green environmental and operating characteristics of buoyant flight of airships were explored for transportation purposes [2] . Advanced research in area of buoyant vehicles has given a comeback indication for airships and hybrid airships [3] . "Hybrid airship" commonly refers to an airship with enough lift from wings or a shaped hull to carry substantial amount of total weight by aerodynamic lift. In comparison with fuselage of an aircraft, an airship has huge volume due to the required aerostatic lift from the lifting gas. The work done in the area of aerodynamic design and stability features of hybrid airships is limited due to non-availability of historical trends and data bank of aerodynamic and stability parameters of such unconventional airships. An effort was done earlier to get the aerodynamic and stability response of a winged hybrid airship's generic model in the IIUM low speed wind tunnel [4] , followed by a numerical study to further evaluate the stability response by changing the empennage arrangement [5] . However, computational fluid dynamics is expensive and time consuming, and a need was felt to select an analytical tool for quick prediction of the aerodynamic and stability derivatives of hybrid airships. Also, the evaluation of unconventional airship configurations throughout the flight regime poses a significant challenge in experiments due to the constraints of a wind tunnel. This issue is attributed to the fact that no single aerodynamic prediction tool does exists with the ability to model any winged hybrid airship throughout the complete flight regime. Therefore, due to non-existence of an amalgamated aerodynamic prediction tool, one has to organize benchmarking data and to develop a methodology for accurate prediction of aerodynamic and stability response in the early design phase. For aircraft design, there are many aerodynamic methods and analytical tools available and each of them has its own capabilities and requirements. To the best of the knowledge of authors, no such analytical tool was evaluated with known experimental data for a specified geometry of a winged hybrid airship.
Fundamental aerodynamic data plays an important role in conceptual and preliminary design of such vehicles. At the same time, analytical models should be capable to accurately predict the lift, drag and static stability characteristics. If the validity or authenticity of these methods is doubtful, the appropriate aerodynamic and stability parameters that govern the sizing and performance of a winged hybrid airship cannot be reliably implemented in any design related work. Due to limitation of test section size and free stream conditions, wind tunnel testing can only be performed at the tunnel's specified condition. To overcome this situation and gauge the effectiveness of Aircraft Digital DATCOM, it has been chosen and the results obtained are then compared with experimental data. Digital DATCOM [6] , a computerized version of USAF Stability and Control DATCOM [7] , is collection of methods for predicting static stability, control and dynamic derivative characteristics of different aircraft. Based on geometry details and flight conditions, Digital DATCOM can rapidly produce the aerodynamic derivatives of aircrafts.
Aircraft Digital DATCOM is an open source aerodynamic and stability prediction software with huge self-contained methods and libraries for different aircraft configurations. Data Compendium (DATCOM) is a document of more than 1500 pages covering different methodologies to find the stability and control characteristics of different aircraft configurations. In 1979, DATCOM was programmed in Fortran [6] and renamed as USAF stability and control digital DATCOM. It had been used for hydrodynamic [8] and aerodynamic [9] applications. Recently, for unconventional airship [10] , aerodynamic, stability and dynamic derivatives were evaluated by using the same program. But the work related with comparison of experimental data and results obtained from this analytical tool [6] is hardly seen in the open literature. Most of the experimental data of old airships is available in terms of coefficients [11] . Therefore, availability of experimental data of airships in terms of forces is an additional bottleneck to carry out such a study. In the present case, there was no such issue since wind tunnel data of winged hybrid airship [4] is available in terms of forces.
Methodology
Based on the available major geometric parameters [4] , the geometry of winged hybrid airship was first defined in DATCOM. Spheroidal Ellipsoidal shaped hull of this airship [5] was basically generated after getting the coordinates of upper and lower contour of hull body in MS-Excel. Thickness ratio, aspect ratio, taper ratio, and sweep angle of wing and empennages were defined. Similar to aircraft, these are essential geometric parameters which not only have the impact on the aerodynamic drag of an airship but also have direct correlation to estimate the static stability. Based on the available geometric details of winged hybrid airship tested earlier in IIUM wind tunnel [4] , a model was defined in DATCOM ( Fig. 1(a) ). This model is basically a 2:1 scaled up version of actual model tested ( Fig. 1(b) ) for the determination of stability and aerodynamic derivatives. It is common in airship analysis to refer aerodynamic data to a fictional parameter calculated as the hull volume is raised to the power 2/3 [11] [12] [13] , creating a reference area, but any aircraft design Applied Mechanics and Materials Vol. 629and analysis software, including Aircraft Digital DATCOM [6] uses the planform (trapezoidal) area of the wing as reference area. It is mentioned in the manual (page 76) of the code, "All specified parameters must be based on the same reference area and length used by Digital DATCOM". Therefore, any experimental drag data has to be converted using the wing area for the purpose of comparison with DATCOM results [6] . The current research on winged hybrid airship will also need aircraft design software as well, and there must be only a single reference area, which must be the wing trapezoidal reference area. For the present work, the experimental data [4] was available in the form of forces measured by the six component external balance of the IIUM wind tunnel. Size of test sections is 1.5 m×2.3 m×6 m and moments are evaluated about the center of volume of the hybrid airship for a variation of angle of attack from -15º to 15º. Lift and drag forces were then nondimensionalized by theoretical wing area equal to 3.82 m 2 , which includes the exposed area of wing as well as the area of wing inside the hull. Moreover, similar to aircraft, pitching moment was also non-dimensionalized using the mean aerodynamic chord of the wing, equal to 0.47 m. Mach number was calculated for DATCOM [6] against the Reynolds number equal to 4.9×10 5 at which wind tunnel testing was carried out [4] . is obtained by using Eq. 2, in which form factor is expressed in terms of fineness ratio, FR. is for additional features like flaps, unretracted landing gears and unswept aft fuselage, etc. [14] . For aircraft, this term is usually approximated [14] with the help of historical trends and it is equal to zero for a clean configuration. In Eq. 2, , and is the dynamic pressure, wetted area and reference area, respectively. This shows that 
Theory

Zero lift drag coefficient
Eq. 3 is from a text book on aircraft design [14] and Eq. 4 from a book of airship design [13] . So, if we consider the hull of airship as fuselage for Eq. 3, then value of comes out to be 4.3. This value is quite high when compared with equal to 1.74, obtained from Eq. 4. For airships, Raymer [15] suggests an adjustment factor of 0.5 in basic drag equation to include scaling effects. Also, Raymer's and DATCOM approach for estimation of of wing and control surfaces slightly differs. DATCOM manual [7] states that "methods for predicting subsonic zero-lift drag for wings are necessarily empirical and are commonly based on streamwise airfoil thickness ratio." The DATCOM method uses a form consistent with Hoerner's method [15] , including the linear term adjustment for the chordwise location of the ⁄ of the airfoil. But, DATCOM replaces the
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coefficient of the ⁄ term with a value 100 instead of 60, which is used by Hoerner [15] . The DATCOM form factor is given below:
where L=2 for range of 
The coefficient
has been defined by a simple linear fit. Hoerner [15] uses a coefficient of 2 for a maximum t/c location at x/c=0.3 and a coefficient of 1.2 for ⁄ at x/c=0.5.
Results and Discussion
In DATCOM, derivatives are obtained in stability axes [7] , and representation of angle of attack α is available in degrees or radians, at the option of the user. Digital DATCOM output file provides force and moment coefficients, as well as axial force and normal force. The pitch rate, acceleration, roll rate, and yaw rate derivatives are also available in the same file. These analytical results were compared with experimental data in Excel by defining the range of angle of attack α on x-axis. The key performance parameter, lift to drag ratio D L , was slightly underpredicted by DATCOM at α equal to zero degree. The difference between predicted and experimental results increases with increase in α as shown in Fig. 2(a) . DATCOM also over predicts the coefficient of drag, Fig. 2(b) .
But the numerical values deviate from experimental data by a constant offset, which suggests some C is reviewed here. DATCOM, a traditional aircraft sizing method, utilizes methods derived from an empirical basis to estimate drag and zero lift drag. Fig. 2(c) shows the lift curve produced by the aerodynamic model of DATCOM and its comparison with available experimental data. Results at low angle of attack show the closest correlation as shown in Fig. 2(c) . DATCOM shows comparable lift-curve slope, with the actual values slightly higher than experimental data. Fig. 2(d) illustrates the pitching moment coefficient for specified values of the angle of attack, which in comparison with conventional airships [11] , [13] , is a good indicator for the static longitudinal stability. At lower angle of attacks, a good correlation of data sets is achieved in terms of longitudinal stability. Experimental results of yaw stability were not compared as USAF DATCOM does not have sideslip/roll capability [7] .
The scope of the present work was limited to the comparison of aerodynamic and longitudinal stability. But the lack of basic aerodynamic data during the early conceptual design phase of a winged hybrid airship requires one to apply lower fidelity analysis technique and that emphasizes the need of a validated technique for best prediction of aerodynamic and stability data for this unconventional aircraft. For any such design and analysis work, C is already discussed in detail and for any future analysis work, it is suggested to incorporate the experimental data of drag in DATCOM. This can be done by using EXPR name list of DATCOM [7] with correction for drag coefficient at zero lift angle of attack. DATCOM does have the option of configuration buildup data available through the use of a "BUILD" option, which isolate component aerodynamic contributions in a similar fashion to break-down data from any numerical simulation in which geometrical details of different components are independently defined. Although this option was not exercised in this study, future studies will be directed towards using these additional features of low fidelity tools.
Conclusion
Digital DATCOM was utilized for estimation of basic aerodynamic coefficients and static longitudinal stability derivative. Historical trends in terms of aerodynamic and stability parameters at specified flow conditions of experiments were not available. Based on the quantitative comparison with experimental data, it was observed that the pitching moment coefficient predicted by DATCOM is quite accurate. But due to deviation of 0 D C , the estimated drag coefficient was offset by a constant value in almost the entire α range. Results obtained will be helpful in fact based decision making for early identification of aerodynamic and stability issues of a winged hybrid airship.
